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(54) Optical information recording medium 

(57) An optical tntoimafton recording medium 
includes a transparent substrate a tnm fdm layer formed 
on said transparent suDbi dte ar*j having a recording 
film, a thin film protecting Um lamed on sad thin film 
layer, and a substrate potecfcng Mm tormed on said 
transparent substrate A neufraf plane of deformation 
caused by a temperature change of me optical informa- 



tion recording medium is present within the thin film 
layer. Consequently, it has become possible to provide 
an optical information recording medium which can pre- 
vent deformation (warpage) caused by temperature and 
humidity changes and be readily manufactured. 
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[0001] The present invention relates to an optical information recording medium for recording and reproducing 
information, and more particularly, to an optical information recording medium which can suppress warpage caused by 
a change in environments or variance with time. 

BACKGROUND OF THE INVENTION 

[0002] As an example optical information recording medium tor recording and reproducing information, a thin disk 
type has been known. Figure 6(a) is a plan view of such an optical information recording medium and Figure 6(b) is a 
side elevation thereof. 

[0003] Figure 7 is a schematic cross section showing an arrangement of a conventional optical information record- 
is ing medium 110. 

[0004] As shown in Figure 7, the conventional optical information recording medium 1 10 includes a disk (see Figure 
6(a)) substrate 120 made of polycarbonate or the like, on which a single- or multi-layer thin film layer 140 comprising 
thin films, such as dielectric films 1 41 and 1 43 (silicon nitride, etc.), a recording film 1 42 (TbFeCo, etc.). and a reflecting 
film 1 44 (Al, etc.), is formed by means of sputtering or the like. 

[0005] Also, a thin film protecting film 150 made of a resin film or the like is formed on the thin film layer 140, and a 
substrate protecting film 130 made of resin or the like is formed on the light incident surface of the substrate 120. 
[0006] The thicknesses of these films and layers are as follows: the thickness of the substrate 120 is approximately 
1 .2 mm; the thickness of the single- or multi-layer thin film layer 140 formed by means of sputtering or the like is 10-30 
nm; the Sickness of the thin fflm protecting film 150 is 1-30 M m; and the thickness of the substrate protecting film 130 
is 1 -30 jim. Thus, the substrate 1 20 made of polycarbonate occupies most of the optical information recording medium 
110 in thickness. 

[0007] The rigidity of the optical information recording medium 1 10 depends almost entirely on the substrate 120 
and because the substrate 120 is sufficiently thick, deformation caused by a change in environments (temperature and 
humidity changes) is quite small. For this reason, a balance of stress and a bending moment of each layer has not been 
30 considered generally in most of the cases. 

[0008] However, there has been a demand to further increase recording and reproducing density of the optical 
information recording medium, and the substrate has been made thinner (for example, the thickness is now reduced to 
0.6 mm from 1 .2 mm) to suppress the occurrence of aberration. As a result, the rigidity of the optical information record- 
ing medium is reduced, and larger deformation occurs due to stress produced in each layer forming the optical informa- 
tion recording medium with a change in environments (temperature and humidity changes), thereby posing a problem 
that information can not be readily recorded and reproduced. TTius, there has been an increasing need for an optical 
information recording medium which can maintain good performance in response to a change in environments even if 
its rigidity is reduced by employing a thinner substrate. 

[0009] Japanese Laid-open Patent Application No. 195745/1992 (Japanese Official Gazette. Tokukaihei No 4- 
195745, published on July 15. 1992) discloses a technique of suppressing deformation of the optical information 
recording medium, by which a warpage preventing dielectric film is provided on the back surface (the surface on which 
the thin film layer is not formed) of the substrate (prior art ®). 

[0010] Figure 8 is a cross section showing an arrangement of the above optical information recording medium (prior 
art CD ). In Figure 8. like components are labeled with like reference numerals with respect to Figure 7 for ease of expla- 
nation. As shown in Figure 8, a dielectric layer 160 is provided on the light incident side of the substrate 120 made of 
polycarbonate, so that the same expansion coefficient is given to the recording film 142 and dielectric layer 1 60 which 
are provided respectively at the both sides of the transparent substrate 120. Consequently, because the optical infor- 
mation recording medium has a symmetrical structure with respect to the substrate 120, warpage of the optical infor- 
mation recording medium can be prevented. 

[0011] Also. Japanese Laid-open Patent Application No. 641 19/1998 (Japanese Official Gazette, Tokukaihei No 
10-641 19. published on March 6. 1998) discloses that, by making a thin film protecting film thicker (30-50 jim), warpage 
occurring with increasing temperatures can be prevented (prior art @). 

[0012] Further. Japanese Laid-open Patent Application No. 364248/1992 (Japanese Official Gazette, Tokukaihei 
No. 4-364248. published on December 16. 1992) proposes an optical information recording medium which can solve 
problematic warpage caused by a humidity change. This optical information recording medium includes, as shown in 
Figure 9, a thin film protecting film 150, a thin film layer 140, a substrate 120, a substrate protecting film 130. and in 
order to solve the problem, it additionally includes a moisture permeation preventing film 170 made of SiOo AIN etc 
between the sifcstrate 120 and substrate protecting film 130 (prior art ® ). In Figure 9. like components are labeled' with 
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like reference numerals with respect to Figures 7 and 8 for ease of explanation. 

[0013] However, according to the technique disclosed in Japanese Laid-open Patent Application No. 1 95745/1 992 
supra (see Figure 8, prior art (D), the dielectric layer 160 has to be provided on the light incident side of the substrate 
1 20 by means of sputtering or the like. In this case, the manufacturing procedure includes forming the thin film layer 140 

5 on one surface of the substrate 1 20. turning over the substrate 1 20, and forming the dielectric layer 1 60 on the opposite 
surface. Thus, not only the manufacturing procedure becomes complex, but also expensive manufacturing facility is 
required, thereby posing a problem that the manufacturing costs are undesirably increased. 
[0014] Also, the technique (prior art @) of Japanese Laid-open Patent Application No. 641 19/1 998 supra poses a 
problem that the thin film protecting film is so thick that it can not be readily formed. In addition, in case that the optical 

10 information recording medium is a magneto-optical recording medium, for example, in order to turn an applied magnetic 
field inversely at a high speed while information is being recorded, it is preferable to approximate the thin film layer to 
magnetic field generating means. However, a too thick thin film protecting f flm can cause problematic deterioration of 
magnetic characteristics. 

[0015] Further, the technique of Japanese Laid-open Patent Application No. 364248/1992 supra (see Figure 9, 
is prior art ©) demands the moisture permeation preventing film 170 made of Si0 2 . AIN, etc. to be provided on the light 
incident side of the substrate 120 by means of sputtering or the like. In this case, the manufacturing procedure includes 
forming the thin film layer 140 on one surface of the substrate 120, turning over the substrate 120, and forming the mois- 
ture permeation preventing film 170 on the opposite surface. Thus, not only the manufacturing procedure becomes 
complex, but also expensive manufacturing facility is required, thereby posing a problem that the manufacturing costs 
20 are undesirably increased. 

SUMMARY OF THE INVENTION 

[0016] It is therefore an object of the present invention to provide an optical information recording medium which 
25 can prevent deformation (warpage) caused by temperature and humidity changes and be readily manufactured. 

[001 7] In order to fulfill the above and other objects, an optical information recording medium of the present inven- 
tion is characterized by being furnished with: 

a thin film layer, formed on a substrate, for recording and reproducing information; and 
30 a thin film protecting film, formed on the thin film layer, for protecting the thin film layer, 

a neutral plane of deformation in a thickness direction caused by a temperature change being present in a vicinity 
of the thin film layer. 

[0018] According to the above arrangement, the optical information recording medium has a mufti-layer structure in 
35 which the thin film layer and thin lilm protecting film are formed on the substrate. 

[00191 If the substrate is made thinner in the optical information recording medium having such a murti-layer struc- 
ture, the rigidity is reduced, thereby posing a problem that warpage occurs in the thickness direction toward the thin film 
protecting film in response to a temperature change. 

[0020] To solve the above problem, a conventional optical information recording medium employing a thin substrate 
40 is additionally provided with a warpage preventing dielectric layer. This solution, however, raises another problem that 
by providing the additional layer, the number of manufacturing steps and manufacturing costs are undesirably 
increased. In particular, because the dielectric layer is formed on the opposite side (the side opposite to the side where 
the thm film layer is formed) of the substrate, the substrate has to be turned over after the thin film layer is formed 
Accordingly, not only the manufacturing procedure becomes complex, but also expensive manufacturing facility is 
45 required, thereby increasing the manufacturing costs. 

[0021] In contrast, according to the arrangement of the present invention, the neutral plane of deformation in the 
thickness direction caused by a temperature change is present in the vicinity of the thin film layer. In other words bend- 
ing moments applied on the thin film layer from the substrate side and thin film protecting film side are substantially can- 
celled out with each other. 

[0022] More specifically, warpage of the optical information recording mecfium in the direction toward the thin film 
protecting film is caused by a bending moment applied on the thin film layer from the substrate side. Thus, according to 
the arrangement of the present invention, the bending moment applied on the thin film layer from the substrate side is 
cancelled out with a bending moment applied thereon from the thin film protecting film side, and the vicinity of the thin 
fflml layer serves as the neutral plane of deformation in the thickness direction. Hence, the optical information recording 
medium of the present invention causes warpage neither in the thickness direction nor in the opposite direction. 
[0023] Consequently, different from the conventional arrangement, the additional warpage preventing dielectric 
layer can be omitted, thereby eliminating the problem that the manufacturing procedure becomes complex and the 
manufacturing costs are increased. 
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[0024] In order to fulfill the above and other objects, another optical information recording medium of the present 
invention is characterized by being furnished with: 

a thin film layer, formed on a substrate, for recording and reproducing information; 

a thin film protecting film, formed on the thin f flm layer, for protecting the thin film layer; and 

a substrate protecting film, formed on the substrate on a surface opposite to a surface where the thin f Km layer is 

formed, for protecting the substrate, 

a moisture permeation degree of the substrate protecting film being smaller than a moisture permeation degree of 
the thin film protecting film. 

[0025] In case of the optical information recording medium in which the thin film layer and thin film layer protecting 
film are formed on one side of the substrate and the substrate protecting film on the other side, only a slight quantity of 
water is absorbed from the external and reaches the substrate in the thin film protecting film side because of the thin 
film layer interposed therebetween, whereas water readily reaches the substrate in the substrate protecting film side. 
Thus, there is a problem that a volume change occurs locally on the substrate in response to a humidity change, 
thereby causing warpage of the optical information recording medium. 

[0026] In order to solve such a problem, a conventional optical information recording medium is additionally pro- 
vided with a moisture permeation preventing film which can prevent warpage caused by a humidity change. This solu- 
tion, however, raises another problem that, by providing the additional layer, the number of manufacturing steps and 
manufacturing costs are undesirably increased. In particular, because the moisture permeation preventing film is pro- 
vided between the substrate and substrate protecting film, the substrate has to be turned over after the thin film layer is 
formed. Accordingly, not only the manufacturing procedure becomes complex, but also expensive manufacturing facility 
is required, thereby increasing the manufacturing costs. 

[0027] In contrast, according to the arrangement of the present invention, a moisture permeation degree of the sub- 
strate protecting film is smaller than that of the thin film protecting film. Hence, because absorption of water from the 
substrate protecting film side can be reduced, warpage of the optical information recording medium caused by a humid- 
ity change can be suppressed. 

[0028] Consequently, different from the conventional arrangement, the additional moisture permeation preventing 
film can be omitted, thereby eliminating the problem that the manufacturing procedure becomes corrplex and the man- 
ufacturing costs are increased. 

[0029] For a fuller understanding of the nature and advantages of the invention, reference should be made to the 
ensuing detailed description taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0030] 



Figure 1 is a schematic cross section showing an arrangement of an optical information recording medium in 
accordance with an embodiment of the present invention; 

Figures 2(a) and 2(b) are views explaining warpage of the optical information recording medium; 
Figure 3 is a view explaining a multi-layer beam; 

Figure 4 is a view showing time dependency of a variation of warpage angles in response to a temperature change; 
Figure 5 is a view showing time dependency of a variation of warpage angles in response to a humidity change; ' 
Figure 6(a) is a plan view showing an arrangement of a typical optical information recording medium, and Figure 
6(b) is a side elevation thereof; 

Figure 7 is a schematic cross section showing an arrangement of a conventional optical information recording 
medium; 

Figure 8 is a schematic cross section showing an example of a conventional optical information recording medium; 
Figure 9 is a schematic cross section showing another example of a conventional optical information recording 
medium; 

Figure 10 is a view showing time dependency of a variation of warpage angles in response to a temperature 
change in an optical information recording medium as one example of the present invention; and 
Figure 1 1 is a view showing time dependency of a variation of warpage angles in response to a humicfity change in 
an optical information recording medum as one example of the present invention. 
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DESCRIPTION OF THE EMBODIMENTS 
(Embodiment 1) 

5 [0031 J The following will explain an optical information recording medium of the present embodiment, and the prin- 
ciple of the present invention will be given in the first place. 

(D Principle 

io [0032] As has been discussed in the BACKGROUND OF THE INVENTION, the optical information recording 
medium disclosed in Japanese Laid-open Patent Application No. 195745/1992 supra (see Figure 8) suppresses warp- 
age of the optical information recording medium by forming the layers symmetrically with respect to the transparent sub- 
strate 120. 

[0033] In this regard, with an optical information recording medium 10 including, as shown in the schematic cross 
is section of Figure 1 , a thin film protecting film 50, a thin film layer 40, a transparent substrate (substrate) 20. and a sub- 
strate protecting film 30. the inventors of the present invention discovered that (a) warpage ol the optical information 
recording medium 10 can be suppressed by positioning the thin film layer 40 (or the vicinity thereof) at the center of 
deformation caused by a temperature change, that is, making the optical information recording medium 10 symmetrical 
with respect to the thin film layer 40. and (b) the thin film protecting film 50 can be made thinner while warpage is sup- 
20 pressed. This will be described more in detail in the following. 

[0034J As shown in Figure 1, the optical information recording medium 10 includes the transparent substrate 20 
made of polycarbonate or the like, on which the single-or multi-layer thin film layer 40 comprising thin films, such as die- 
lectric films 41 and 43 (silicon nitride, etc.), a recording film 42 (TbFeCo. etc.), and a reflecting film 44 (Al, etc.). is 
formed by means of sputtering or the like. In addition, the thin film protecting film 50 mainly made of resin is formed on 
25 the thin film layer 40. and the substrate protecting film 30 mainly made of resin is formed on the transparent substrate 
20 on the opposite surface to the surface where the thin film layer 40 is formed, so that the transparent substrate 20 is 
protected. 

[0035] As has been discussed, the optical information recording mecfium is generally composed of multiple layers, 
and because each layer has different linear expansion coefficient as one of the physical properties, stress produced in 

30 each layer in response to a temperature change is also different. 

[0036] To be more specific, the transparent substrate 20 made of polycarbonate, substrate protecting film 30, and 
thin film protecting film 50 normally have larger linear expansion coefficients than the thin film layer 40, and expansion 
of the thin film layer 40 in the radius direction of the substrate is quite small compared with that of the other layers. Also, 
the thickness of the transparent substrate 20 is quite large compared with the thicknesses of the substrate protecting 

35 film 30 and thin film protecting film 50, and each thin f ilm forming the thin film layer 40 has quite large Vbung's modulus 
compared with the other layers. Thus, in response to a temperature change, the thin film layer 40 expands slightly while 
the transparent substrate 20 expands significantly. As a result, the optical information recording medium 10 readily 
causes warpage in a direction perpendicular to the radius direction toward me thin film protecting film 50 in the film 
thickness direction. Figure 2(a) is a plan view schematically explaining warpage, and Figure 2(b) is a side elevation 

40 thereof. 

[0037] In the present embodiment in order to prevent such warpage, a bending moment is applied to the thin film 
layer 40 in the opposite direction to a bending moment applied thereto from the transparent substrate 20 by adjusting 
the linear expansion coefficient, Young's modulus, and film thickness of the thin film protecting film 50 formed on the 
thin film layer 40. Then, by using a plane parallel to the film surface within the thin film layer 40 (or in the vicinity thereof) 
45 as a neutral plane of deformation, deformation (warpage shown in Figures 2(a) and 2(b)) caused by a temperature 
change can be suppressed. 

[0038] To be more specific, the optical information recording medium 10 of the present invention is arranged in such 
a manner that a neutral plane of deformation in the thickness direction caused by a temperature change is present in 
the vicinity of the thin film layer 40. In other words, the optical information recording medium 10 of the present invention 

so is arranged in such a manner that bending moments applied on the thin film layer 40 from the substrate 20 side and thin 
film protecting film 50 side in response to a temperature change are substantially cancelled out with each other 
[0039] In order to realize such an arrangement, the thickness, Yxing's modulus, linear expansion coefficient of 
each of the substrate 20. thin film layer 40. and the thin f Om protecting film 50 (particularly the thin film protecting film 
50) are set to their respective desired values. 

55 [0040] The linear expansion coefficient. Young's modulus, film thickness of the thin film protecting f ilm 50 are set in 
accordance with the approximate calculations set forth below. 

[0041] In the optical information recording medium 10, three kinds of stress are produced in response to a temper- 
ature change: stress (axial tension) applied in the radius direction; stress applied in a circumferential direction; and 
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stress applied in the film thickness cfirection. However, because the optica! information recording medium 10 is a disk, 
the stress applied in the circumferential direction is even within the circumference, and a force in the film thickness 
direction is applied evenly within each layer. Therefore, these two kinds of stress can be assumed as non-contributing 
factors to deformation. Hence, deformation, that is, warpage (see Figures 2(a) and 2 (b)), of the optical information 
s recording medium 1 0 can be replaced with warpage in a multi-layer beam which corresponds to the cross section of the 
same Figure 3 shows the multi-layer beam, in which n-layer beam are illustrated, where n represents the number of 
layers in the optical information recording medium. In case of the optical information recording medium 10 of Figure 1, 
n=7. 

[0042] Warpage angles 6 in the multi-layer beam in response to a temperature change can be expressed by follow- 

w ing Equations (1) through (5) derived from a balance of the axial tension P t (i«l ,2 n) and bending moment Mj in 

each layer: 

M,«E,I/R, (1) 
15 a i T + ( p ^|E|)-<tW (2) 

S P / = ° (3) 



20 



i-1 



n 

X /W /+ P l {y-(/ 1 /2)}+P 2 {y-/ 1 -(f 2 /2)} + - • • +/%{y-f r f 2 U„/2)M> (4) 

/-1 



6=tan* 1 ((L-2)/R 



(5) 



where 



30 ctj: linear expansion coefficient of the i layer 

Ej: Young's modulus of the i layer 

V thickness of the i layer 

Pj: axial tension in the i layer 

Mji bending moment in the i layer 
35 Rji radius of curvature 

lj: secondary moment of the i layer's cross section 

b: width of multi-layer beam (unit length) 

T: temperature change 

L: length of a beam 
40 y: neutral plane's position in the n-layer beam 

8: warpage angles (see Figure 3) at the largest variation part when a length l=4 mm. 

[0043] Because the thickness of each layer is far smaller than the radius of curvature, the radius of curvature (Rj) 
in each layer (i=l, 2, n) can be deemed as equal (R 1 =R 2 =R 3 = • • • =R ). Also, a temperature change (T) is a 
45 temperature change in the usable temperature environment {generally, from -15°C to 80°C) of the optical information 
recording medium. 

[0044] In Equations (1 ) through (5) above, the thickness, linear expansion coefficient (a), and Young's modulus (E) 
of each layer (particularly those of the thin film protecting film 50, because those of the thin film layer 40 are often deter- 
mined in advance by characteristics of the optical information recording medium) are determined in such a manner that, 
so when y is set within the thin film layer 40, small 0 is given, that is. a large radius of curvature (R) is given. Consequently! 
an optical information recording medium which can suppress warpage shown in Figures 2(a) and 2(b) caused by a tem- 
perature change can be obtained. 

[0045] Incidentally, when the thin fflm protecting film 50 in the optical information recording medium becomes 
thicker, it becomes more difficult to form the same by means of spin coating. Also, in case that the optical information 
55 recordng medium is a magneto-optical recording medium, if the thin film protecting film 50 becomes thicker, the mag- 
netic head is spaced apart farther from the thin film layer 40, which is not preferable from the view points of magnetic 
characteristics. In view of the foregoing, the f flm thickness of the thin film protecting fflm 50 is preferably set to 30 urn or 
less, and more preferably to 20 urn or less. Thus, the thin film protecting film 50 has to satisfy the above film thickness 
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condition (30 M m or less (preferably 20 urn or less)), and at the same time it has to be made of materials having the 
linear expansion coefficient (a) and Young's modulus (E) such that can reduce e in Equations (1) through (5) above 
According to Equations (1) through (5) above, even if the film thickness is small, 6 can be reduced by making at least 
one of the linear expansion coefficient (a) and Young's modulus (E) larga 

[0046] As has been discussed, with the optical information recording medium 10 of the present embodiment the 
occurrence of war page can be suppressed by setting the physical properties of each layer (particularly the thin film pro- 
tecting film 50) in such a manner that the neutral plane of deformation caused by a temperature change is positioned 
wfthm (or m the vicinity of) the thin film layer 40. In addition, of all the layers forming the optical information recording 
medium 10. the thin film layer 40 having the slowest deformation rate causes the slightest deformation, and overshoot 
of variation, which causes a problem when a temperature actually changes, also becomes small. Further, because only 
the substrate protecting film 30 mainly made of resin has to be formed on the light incident side of the transparent sub- 
strate 20. the optical information recording medium 10 can be manufactured more readily in comparison with the spin 
coating or the like, thereby simplifying the manufacturing procedure. 

10047] The above description explained that the physical properties of each of the layers (particularly the thin film 
protecting Mm 50) taming the optical information recording medium 10 are set by using the materials characteristics of 
these layei s. so that the neutral plane of deformation caused by a temperature change is present within (or in the vicin- 
ity of) the thm film layer 40. However, in general, each layer forming the thin film layer 40 of the optical information 
recording medium to .s so thm that the thin film layer 40 can be deemed as a single layer, and the physical properties 
of each layer (particularly the thin film protecting film 50) may be set in such a manner that the bending moments 
applied on the thm f ,bm layer 40 m response to a temperature change from the both sides (the transparent substrate 20 
and substrate protecting Nm 30 s<Je and the thin film protecting film 50 side) are substantially cancelled out with each 
other. In this case, warpage of me thm film layer 40 caused by a temperature change can be also eliminated almost 
completely. By taking the tact tha: the transparent substrate 20 has a considerable thickness into consideration in order 
to reduce the thickness of th* thm (urn protecting film 50 (30 urn or less (preferably 20 urn or less)), at least one of the 
25 linear expansion coefioem <.,) «nri Ybung s modulus (E) of the thin film protecting film 50 has to be larger than those 
of the transparent substrate 20 

© Examples 1 and 2 and Comparative Eiample 1 

so [0048] Next, the fo»o«mg ~a e.o*a.n examples of the optical information recording medium 10 formed based on 
the above principle, in E.am^es i and 2 and Comparative Example 1 . the thin film layer 40 was made of an aluminum 
nrtr.de layer alone. This is because m most of the cases, deformation of the thin film layer 40 is caused by the dielectric 
ayer made of aluminum n*** etc Also, m Examples 1 and 2 and Comparative Example 1. the substrate protecting 
film 30 was omitted. Thus, n s*cud be appreciated that when the substrate protecting film 30 is formed, the physical 
properties of each layer (partem*!) the thm film protecting film 50) have to be set in consideration of the presence of 
the substrate protecting film 30 K 

[0049] A medium formed as £ «ampi e 1 included a substrate (transparent substrate) 20 made of polycarbonate on 
which an aluminum nitrde mm tim layer (thin film layer 40), and UV curable resin 1 (thin fflm protecting film 50) 
designed under the conditions m accordance with Equations (1) through (5) above were formed. An optical information 
recording medium formed as Comparative Example 1 included a polycarbonate substrate, on which an aluminum 
nrtr.de thin film layer and convectonai U V curable resin 2 (thin film protecting film) were formed. The arrangements of 
Example 1 and Comparative E sample 1 are set forth in Table 1 and TaWe 2 below. 



35 



AO 



<s Table 1 



Example 1 






MATERIAL 


FILM THICKNESS 


YOUNG'S MODULUS 
(Pa) 


LINEAR EXPAN- 
SION COEFFICIENT 
d^C) 


TRANSPARENT 
SUBSTRATE 


POLYCARBONATE 


0.6 mm 


2.41 E+09 


6.00E-05 


THIN FILM LAYER 


ALUMINUM 
NITRIDE 


79 nm 


3.43E+11 


5.60E-06 


THIN FILM PRO- 
TECTING FILM 


UV CURABLE 
RESIN l 


16 nm 


1.80E+09 


7.10E-05 
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Table 2 



5 


Comparative Example 


1 






MArERIAL 


FILM THICKNESS 


YOUNG'S MODULUS 
(Pa) 


LINEAR EXPAN- 
SION COEFFICIENT 
(1/°C) 


10 


TRANSPARENT 
SUBSTRATE 


POLYCARBONATE 


0.6 mm 


2.41 E*09 


6.00E-05 




THIN FILM LAYER 


ALUMINUM 
NITRIDE 


79 nm 


3.43E+11 


5.60E-06 


IS 


THIN FILM PRO- 
TECTING FILM 


UV CURABLE 
RESIN 2 


15 pm 


1.80E+09 


5.62E-05 



so 



ss 



30 



35 



I0050J Table 1 and Table 2 reveal that the difference between Example 1 and Comparative Example 1 was the liner 
expansion coefficient of the UV curable resin (thin f ilm protecting film 50). and the one having a larger linear expansion 
coeff .cent was used in Example 1 . As the transparent substrate 20. a disk having the minor diameter of 1 5 mm and the 
major diameter of 1 20 mm was used in both Example 1 and Comparative Example 1 . 

10051] A temperature change (T =30»C) was given to the media of Example 1 and Comparative Example 1 (temoer- 
atures of the media were raised from 25-C to 55°C). and a variation of warpage angles 6 at the outer circumference 
portion (r=56 mm) with time was analyzed. The reason why a variation of warpage angles was analyzed instead of the 
warpage angles itself is because the medium has its own warpage angles at normal temperature, and the warpage 
angles itself does not precisely represent deformation caused by a temperature change. 

[0052] Figure 4 shows Ihe analysis results. Both the largest variation and normal state value of variation of warpage 
angles of the medium of Example 1 were smaller than those of the medium of Comparative Example 1. Thus ft is 
, JT?Z ^ ^mH*™ WflS SUppressed in the medium of Exam P ,e 1. Figure 4 reveals that, according to Example 
l£Z r T , WaS w 20 pm 0r ,ess - no signi,icant ,em P oral ««W occurred in response to a temperature 

(1) through (5) above, and these predicted approximate values were very close to the actual values, thereby proving 
reliability of the approximate values. y moving 

[0053] Next, the following will explain a medium (Example 2) using UV curable resin 3 having large Vbung s modu- 
lus. The medium of Example 2 had different UV curable resin characteristics from those in the medium of Example 1 
The arrangement of Example 2 is set forth in Table 3 below. ' 



4" Table 3 



Example 2 






MATERIAL 


FILM THICKNESS 


YOUNG'S MODULUS 
(Pa) 


LINEAR EXPAN- 
SION COEFFICIENT 
(1/°C) 


TRANSPARENT 
SUBSTRATE 


POLYCARBONATE 


0.6 mm 


2.41 E+09 


6.00E-05 


THIN FILM LAYER 


ALUMINUM 
NITRIDE 


79 nm 


3.43E+11 


5.60E-06 


THIN FILM PRO- 
TECTING FILM 


UV CURABLE 
RESIN 3 


16 iim 


3.60E+O9 


5.68E-05 



55 ..t « ia1i0 ? °1 an9les 6 predicted by calculation s * accordance with Equations (1) through (5) 

ccZr?^^ 

[0055] As has been discussed, according to the optical information recording medium of the present embodiment. 
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temporal significant warpage caused by a temperature change can be suppressed. Thus, even when the temperature 
of the medium rises while information is recorded or reproduced, problems, such as defective reproduction, can be con- 
trolled. In addition, the thin film protecting film 50 can be made thinner. 



5 (Embodiment 2) 



[0056] The present embodiment will explain an optical information recording medium which can prevent deforma- 
tion caused by a humidity change. 



io ® Principle 



[0057] The optical information recording medium 10 of Figure 1 employs the substrate made of polycarbonate or 
the like as the transparent substrate 20. Thus, under high humidity circumstances, the transparent substrate 20 absorbs 
moisture and expands, thereby causing deformation of the optical information recording medium 10. In particular when 

is a moisture permeation degree of the substrate protecting film 30 is greater than that of the thin film protecting film 50 
a deformation rate of the substrate 20 becomes faster than that of the thin film protecting film 50. Accordingly large 
overshoot of a variation occurs when humidity actually changes, thereby raising a serious problem. 
[0058] In the present embodiment, the above problem occurring in practical use is solved by suppressing the over- 
shoot by making a moisture permeation degree of the substrate protecting film 30 smaller than that of the thin film pro- 

20 tecting film 50. K 



® Example 



[0059] A medium formed as Example 3 was identical with the medium of Example 1 above except that the substrate 
protecting film 30 made of U V curable resin 4 was additionally provided. A medium formed as Comparative Example 2 
for purpose of comparison was also identical with the medium of Example 1 except that the substrate protecting film 30 
made of UV curable resin 5 was additionally provided. Moisture permeation degrees of the U V curable resins of Exam- 
ple 3 and Comparative Example 2 are set forth in Table 4 below. 



30 



35 



40 



Table 4 





SUBSTRATE PROTECTING FILM 


THIN FILM PROTECTING FILM 




FILM 


MOISTURE PER- 
MEATION DEGREE 
(g/m^day) 


FILM 


MOISTURE PERME- 
ATION DEGREE 
(g/m 2 *day) 


EXAMPLE 3 


UV CURABLE 
RESIN 4 


2.20E+02 


US CURABLE 
RESIN 1 


4.60E+02 


COMPARATIVE 
EXAMPLE 2 


UV CURABLE 
RESIN 5 


9.70E+02 


UV CURABLE 
RESIN 1 


4.60E+02 



45 



SO 



[JfiL ^SK^f *!f 9iVe " t0the mediaofE '«'"P»e3 and Comparative Example 2 (ambient humidity was 
toe^r a na!y^r " VaiM °' 6 * ,he OUter circuni,ere ™e portion (r=S6 mm) with 

[0061] Figure 5 shows the analysis result The largest variation (at the overshoot) of warpage angles in Examole 3 
was ^rte small compared wrth that in Comparative Example 2. and it is understood that deformation caused by a 
humidity change was suppressed in the medium of Example 3. 

[0062] The foregoing principles stand up for polycarbonate substrates or the like thinner than those used in Exam- 
ples 1 through 3. which will be explained in Example 4 as follows. 

[0063] A medium formed as Example 4 was identical with the medium of Example3 except that the thickness of the 
substrate (transparent substrate) 20 was 0.5 mm (the arrangements are set forth in Table 5 below), and a variation of 
warpage angles e in response to the temperature change and humidity change was analyzed 



55 
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Table 5 



5 




MATERIAL 


FILM THICK- 
NESS 


ULUS (Pa) 


1 IMCAD r— x/rjA Kt 

LINEAR EXPAN- 
SION COEFFI- 
CIENT (1/°C) 


MOISTURE 
PERMEATION 
DEGREE 
(gMi 2 'day) 


70 


SUBSTRATE 
PROTECTION 

Pit M 

rlLM 


UV CURABLE 
RESIN 6 


3 fim 


6.8E+09 


5.0E-O5 


2.2E402 


15 


TRANSPAR- 
ENT SUB- 
STRATE 


POLYCAR- 
BONATE 


0.5 MM 


3.3E+09 


6.0E-05 






THIN FILM 
LAYER 


ALUMINUM 
NITRIDE 


79 nm j 


3.4E+11 


5.6E-06 




20 


THIN FILM 

PROTECTING 

FILM 


UV CURABLE 
RESIN 7 


12 nm 


5.9E+09 


7.2E-05 


4.6E+02 



25 



30 



35 



40 



45 



SO 



55 



[0064] Figures 10 and 1 1 she* me analysis results. Figure 10 shows a transitional variation of tilt along radius in 
response to a temperature Change (a change from 25 e C at 50% to 70°C at 30% was given), and Figure 1 1 shows a 
variation of tiH along radius .n .esponse to a humidity change (a change from 25°C at 60% to 25°C at 90% was given) 
The transparent substrate 20 had a o»nor oameter of 7 mm and a major diameter of SO mm. The analysis results reveal 
that the foregoing principles stand up even m a case where a thinner transparent substrate 20 is used and therefore a 
variation of warpage can be also suocessed m such a case. 

[0065] As has been discussed aca»t*ng to the optical information recording medium of the present embodiment 
even if humidity changes, no le^oorai s^nrf cant warpage occurs, thereby suppressing a problematic defective repro- 
duction when information is recorded am reproduced. 

[0066] In the optical intormaoon -ecordmg medium of the present embodiment, if the physical properties of the thin 
film protecting film 50 and substrate protecting film 30 are set so as to form the neutral plane of deformation caused by 
a temperature change withm (or m me vxanrty of) the thin film layer 40 as was discussed in Embodiment 1. not only can 
deformation caused by a humrtty change be prevented as was discussed herein, but also deformation caused bv a 
temperature change can be prevented ' 
[0067] As has been discussed. «i the present invention, by arranging the optical information recording medium in 

^".T th3t me neu,ra ' p ' ane 01 de,0f mation caused * a tem Perature change is present within (or in the vicinity 
of) the thin film layer, such as a magnetic film, a variation caused by a temperature change can be reduced thereby 
enhancing information recording ana reproducing reliability. 

[0068] Also, in the optical information recording medium, by making at least one of Young's modulus and linear 
expansion coefficient of me thin f protecting film larger man those of the transparent substrate. thB thin film protecting 
film can be made thinner. Consent) >. the optical information recording medium can be readily manufactured More- 
over, in case of a magneto-opbcai recording medium, the magnetic characteristics can be improved 
vl 9 K J" addili0n ' ** pr0OTC,,n 9 a **s r a<e Protecting film having a smaller moisture permeation degree than that 
of the thm film protecting film, a var.aten caused by a humidity change can be reduced, thereby enhancing information 
recording and reproducing reliability 

^l, ■ *" °P tiCal iniormaUon '<*ord.ng medium of me present invention, including at least a transparent substrate 
a thin Mm layer formed on the transparent substrate and having at least one of a recording film and a reflecting film, and 
a thm film protecting film formed on me thin film layer arid mainly made of resin, may be arranged in such a manner mat 
the neutral plane of deformat-on « me film thickness direction caused by a temperature change while information is 
recorded and reproduced is present m me vicinity of me thin film layer. 

[0071] Also, an optical intor manor, recording medium of me present invention, including at least a transparent sub- 
strate athinfilm layer formed on me transparent substrate and having at least one of a recording film and a reflecting 
film, and a thin film protecting Mm formed on the thin film layer and mainly made of resin, may be arranged in such a 
manner that bending moments applied on the thin film layer from me both sides in me film thickness direction are sub- 
stantiaiiy equal. 

[0072] In addition, an optical .nformation recording medium of the present invention, including at least a transparent 
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substrate, a thin film layer formed on the transparent substrate and having at least one of a recording film and a reflect- 
ing film, and a thin film protecting film formed on the thin film layer and mainly made of resin, may be arranged in such 
a manner that at least one of Young's modulus and the linear expansion coefficient of the thin film protecting film is 
larger than those of the transparent substrate, respectively. 

[0073] Further, an optical information recording medium of the present invention may be arranged in such a manner 
that the film thickness of the thin film protecting film is 20 jxm or less. 

[0074] In addition, an optical information recording medium of the present invention, including at least a transparent 
substrate, a thin film layer formed on the transparent substrate and having at least one of a recording film and a reflect- 
ing film, a thin film protecting film formed on the thin film layer and mainly made of resin, and a substrate protecting film 
formed on the light incident side of the transparent substrate and mainly made of resin, may be arranged in such a man- 
ner that a moisture permeation degree of the thin film protecting film is smaller than that of the substrate protecting film 
10075] The neutral plane of deformation referred to herein means a plane expressed by a value of y when waraaae 
angles e is almost 0 (zero) in Equations (1) through (5) above. 

{0076] The invention being thus described, it will be obvious that the same may be varied in many ways. Such var- 
iations are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications as 
would be obvious to one skilled in the art are intended to be included within the scope of the following claims 



3. 



Claims 

20 1. An optical information recording medium inducfing: 

a thin film layer (40), formed on a substrate (20), for recording and reproducing information; and 
a thin film protecting film (50), formed on said thin film layer (40), for protecting said thin f am layer (40) 
a neutral plane i of deformation in a thickness direction caused by a temperature change being present in a 
25 vicinity of said thin film layer (40). 

2. An optical information recording medium including: 

a thin film layer (40). formed on a substrate (20), for recording and reproducing information and 
a thin film protecting film (50), formed on said thin film layer (40). for protecting said thin f flm layer (40) 
bending moments applied on said thin film layer (40) from a substrate (20) side and a thin film protecting film 
(50) side in response to a temperature change being substantially cancelled out with each other. 

The optical information recording medium of Claim 1, wherein a thickness, Young's modulus and a linear expan- 
sion cceff .cieni t are set to their respective desired values in each of said substrate (20), thin film layer (40), andthin 
film protecting film (50). so that the neutral plane of deformation in the thickness direction caused by a temperature 
change is present in the vicinity of said thin film layer (40). 

4. The optical information recording medium of Claim 3, wherein at least one of Young's modulus and the linear 
expansion coefficient of said thin film protecting film (50) is larger than one of Young's modulus and the liner expan- 
sion coefficient of said substrate (20). respectively u « u u, e nner expan 

5. The optical information recording medium of Claim 3. wherein the thickness of said thin film protecting film (50) is 
zu jim or less. 

6. The optical information recording medium of Claim 1 . further including a substrate protecting film (30) formed on 

^^on! (20) ° n 3 6UrfaCe 0ppOSi,e to a 6urtace • hWB «* ,am ,fl y« r <«> is fo«ned, for projecting said 
substrate (20). a moisture permeation degree of said substrate protecting film (30) being smaller than a moisture 
permeation degree of said thin film protecting film (SO). 

7. An optical information recording medium including: 

a thin film layer (40). formed on a substrate (20). for recording and reproducing information- 
a thin film protecting film (50). formed on said thin film layer (40). for protecting said thin film layer (40)- and 

i!S!^S^ m J^- ,0rmed °" MW Subs,ra,e (20) on 8 • uriMe opposite to 8 wh^e said 
thin film layer (40) is formed, for protecting said substrate (20) 

a moisture Permeation degree of said substrate protecting film (30) being smaller than a moisture permeation 
degree of sad thin film protecting film (50). 
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8. An optical information recording medium at least including: 
a transparent substrate (20); 

a thin film protecting film (50) formed on said thin film layer (40) and mainly made of resin 

a neutral plane of deformation in a film thickness direction caused by a temperature change while information 

s recorded and reproduced being present in a vicinity of said thin film layer (40). 'formation 

io 9. An optical information recording medium at least including: 

a transparent substrate (20); 

rs a thin film protecting film (50) formed on said thin film layer (40) and mainly made of resin 

^St,X m ^S| aPP,i6d ° n *** fi,m ^ {40) ^ ^ SWeS th6re0f ln a ,flm thickness directi ™ being 
10. An optical information recording medium at least including: 



20 



25 



a transparent substrate (20); 

says Md ,ransparent (2o) and havin9 31 ,east 006 ° f a ""** im ™ 

a th.n Mm protecting 1,1m (50) formed on said thin film layer (40) and mainly made of resin 
at least one of Ybung s modulus and a linear expansion coefficient of said thin film protecting film (50) beinq 
oneolYo^gsrr^ 

so m^SZZZ?"** mediUm °' C ' am * * ° r 10> a fi,m mickness * "* fi,m p—*b 

12. An optical information recording medium at least including: 
a transparent substrate (20); 

arJa rJSgir ST °" tranSParent ****** (20) haVi " 9 81 ™ * 8 reCOrdng m (42) 
a th.n film protectng Mm (50) formed on said thin film layer (40) and mainly made of resin- and 

o7r£!T eC,,n9 (30) formed ° n 3 " 9ht inCident "* °' ^ substrate (20) and mainly 

isisssr pro,ecwn9 ,Bm (3o) is ^ man a ^ 



35 



40 



45 



SO 
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